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Abstract 
Previous research has shown the association between stress and crash involvement. 
The impact of stress on road safety may also be mediated by behaviours including 
cognitive lapses, errors, and intentional traffic violations. This study aimed to provide 
a further understanding of the impact that stress from different sources may have upon 
driving behaviour and road safety. It is asserted that both stress extraneous to the 
driving environment and stress directly elicited by driving must be considered part of 
a dynamic system that may have a negative impact on driving behaviours. Two 
hundred and forty-seven public sector employees from Queensland, Australia, 
completed self-report measures examining demographics, subjective work-related 
stress, daily hassles, and aspects of general mental health. Additionally, the Driver 
Behaviour Questionnaire (DBQ) and the Driver Stress Inventory (DSI) were 
administered. All participants drove for work purposes regularly, however the study 
did not specifically focus on full-time professional drivers. Confirmatory factor 
analysis of the predictor variables revealed three factors: DSI negative affect; DSI risk 
taking; and extraneous influences (daily hassles, work-related stress, and general 
mental health). Moderate intercorrelations were found between each of these factors 
confirming the ‘spillover’ effect. That is, driver stress is reciprocally related to stress 
in other domains including work and domestic life. Structural equation modelling 
(SEM) showed that the DSI negative affect factor influenced both lapses and errors, 
whereas the DSI risk-taking factor was the strongest influence on violations. The 
SEMs also confirmed that daily hassles extraneous to the driving environment may 
influence DBQ lapses and violations independently. Accordingly, interventions may 
be developed to increase driver awareness of the dangers of excessive emotional 
responses to both driving events and daily hassles (e.g. driving fast to ‘blow off 
steam’ after an argument). They may also train more effective strategies for self-
regulation of emotion and coping when encountering stressful situations on the road. 
 
 
Keywords: driver stress, daily hassles, work-related stress, road safety, driver 
behaviour 
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1. Introduction 
Previous research has shown the association between stress and unsafe driving, as 
evidenced by associations between various indices of stress and crash involvement 
(Lagard et al., 2004; Legree, Heffner, Psotka, Martin, & Medsker, 2003; McMurray, 
1970; Norris, Matthews, & Raid, 2000). The impact of stress on road safety may also 
be mediated by behaviours including cognitive lapses, errors, and intentional traffic 
violations (Hartley & Hassani, 1994; Westerman & Haigney, 2000; Wickens, Toplak 
& Wiesenthal, 2008). 
 
Whilst previous studies have highlighted the multidimensional nature of driving stress 
(Gulian, Matthews, Glendon, Davies, & Debney, 1989; Öz, Özkan & Lajunen, 2010), 
the relative contribution of the various sources of stress to detrimental road safety 
outcomes remains unclear and sample specific. To this end, the current research aims 
to provide a better understanding of the impact that stress from different sources may 
have upon driving behaviour and road safety. It is asserted that both stress factors 
extraneous to the driving environment and stress directly elicited by driving must be 
considered part of a dynamic system that may have a negative impact on driving, 
reflecting the interplay between driver characteristics and the environment. 
Extraneous stress factors include occupational stress and hassles external to the 
workplace. The relevance of each stress factor type to driver safety is briefly reviewed 
in the next section.  
 
1.1 Work-related Stress & Driving 
Work-related stress is a topic of particular concern to organisations due to increased 
turnover, absenteeism and exposure to substantial claims for compensation. The 
impact of stress becomes increasingly pertinent to organisations with fleets of 
vehicles when considering that motor vehicle crashes are the major cause of work-
related fatalities, injuries, and absence from work in Australia (Queensland Transport, 
2005). In Great Britain, Bomel (2004) found that commercial vehicles (light goods 
and heavy goods) were involved in 26% of all road fatalities and 17% of serious 
injury crashes during 2001.  
 
Full-time professional drivers are exposed to a range of stressors such as the 
behaviour of other drivers, traffic congestion, ergonomic factors, noise, climate 
conditions, and work scheduling, resulting in poorer health and work performance 
(Evans, Johansson, & Rydstedt, 1999). Carty, Stough, and Gillespie (1998) studied 
psychological predictors of work-related motor vehicle crashes in a sample of 
Australian transport industry workers and found a significant relationship between 
occupational stress and self-reported crash involvement. Similarly, Hartley and El 
Hassani (1994) found a significant relationship between self-reported stress and traffic 
violations for full-time truck drivers. Whilst for professional drivers work-related 
stress is generally directly related to the driving task or scheduling, for other 
individuals who drive less regularly for work purposes (or even those who only drive 
for personal reasons) stress that originates from any source within their workplace has 
potential to spillover and impact on the driving task. This may be elicited, for 
example, from workplace issues such as role ambiguity, role conflict, role overload, 
work overload, situation constraints, perceived control, and interpersonal conflict 
(Jex, 1998). Individuals affected by such issues may experience a range of symptoms 
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that are known to impact on safe driving including anxiety, alcohol abuse, drug abuse, 
and fatigue. 
 
 
 
1.2 Life Events, Daily Hassles & Driving 
Life stress can result from specific major events or the cumulative effect of daily 
hassles. It has been linked to detrimental road safety outcomes in several previous 
studies. McMurray (1970) examined the driving records over a seven year period for 
410 drivers who had been involved in divorce proceedings. She found that crash 
involvement and traffic violations were significantly higher for the divorced drivers 
than for the greater driving population. Furthermore, the percentage of participants 
involved in crashes and traffic violations steadily rose in the six months immediately 
prior to filing for divorce, reached a peak within three months after filing, then 
declined. It is suggested that during such a period of personal turmoil, psychological 
strain would be particularly paramount. 
 
Lagarde et al. (2004) used retrospective self-report data from a sample of French 
drivers to examine serious motor vehicle crash involvement over a seven year period 
and found participants who had been involved in marital separation or divorce within 
the year prior to the crash were more than four times more likely to be at-fault than 
other drivers. Similarly, Legree et al. (2003) used retrospective self-reports to 
examine antecedents to road crashes over the previous five years. They also found 
that heightened stress due to life events was related to at-fault status. Norris et al., 
(2000) found that financial difficulties were also associated with higher crash risk. 
Hennessy, Wiesenthal, and Kohn (2000) found that greater exposure to daily hassles 
over the previous month significantly predicted state driver stress when exposed to 
high traffic congestion. Thus, daily events extraneous to the driving environment can 
interact with situational (on-road) influences to elevate levels of subjective stress. 
This is further highlighted in the following section. 
 
1.3 Driver stress: Environmental and Personal Factors 
Situational influences within the driving environment are commonly known to elicit 
stress responses (strains) in some individuals. For instance, being caught behind a 
slower vehicle on a winding country road in bad weather may be frustrating and 
further elicit anxiety about overtaking safely. Studies of commuting have identified a 
number of psychological factors that govern the magnitude of stress response, 
including control, predictability, time urgency, and impedance (Gottholmseder, 
Nowotny, & Pruckner, 2009; Koslowsky, 1997). Congestion appears to be especially 
potent in eliciting anger and aggressive behaviours (Shinar & Compton, 2004). 
Hennessy and Wiesenthal (1999) examined driver stress in relation to traffic 
congestion and found that time urgency significantly influenced driver stress in both 
high and low congestion conditions. In the high-congestion condition, however, driver 
stress increased as did driver aggression, suggesting a frustration-aggression link to 
stress within the traffic environment. Similarly, Lucas and Heady (2002) found that 
self-reported driving stress for commuters travelling to and from work was lower for 
those who had workplace flextime arrangements and could avoid peak traffic hours.  
 
If driver stress depends on an interaction between environmental factors (e.g., 
congestion) and driver characteristics (e.g., anger-proneness), the impact of driver 
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stress on safety may also be investigated through measures of driver stress 
vulnerability. Gulian et al. (1989) developed a scale that measured general stress 
vulnerability as well as five more narrowly-defined stress factors. Matthews, 
Desmond, Joyner, Carcary, and Gilliland (1997) further refined the self-report 
measures employed by Gulian et al. to develop the Driver Stress Inventory (DSI) and 
redefined the factors: aggression, dislike of driving, hazard monitoring, fatigue 
proneness, and thrill-seeking. The DSI scales predict emotional responses to driving 
in both non-professional and professional driver samples (Desmond & Matthews, 
2009). 
 
Studies using these scales relate driver stress to both safety and extraneous stress 
factors. First, driver stress relates to safety criteria including accident rates, speeding 
convictions and errors, but the associations differ across the different factors 
(Matthews, 2001; Matthews et al., 1997; Westerman & Haigney, 2000). Aggression 
and thrill-seeking are the strongest predictors of self-reported accidents, speeding and 
violations, whereas dislike of driving is most strongly associated with driver error. 
Comparable patterns of association have been observed using objective behavioural 
measures in driver simulator studies (Matthews, 2001; Matthews, Emo & Funke, 
2005). Stress factors have also been linked to maladaptive driving behaviours in bus, 
taxi and truck drivers (Machin & Hoare, 2008; Öz et al., 2010). Second, driver stress 
is positively associated with life events (Gulian et al., 1989), minor hassles (Matthews 
et al., 1991; Matthews et al., 1999) and overall level of stress responses in everyday 
life (Matthews et al., 1999). These associations are strongest for the dislike of driving 
factor, which is defined by negative affect, anxiety and lack of confidence as a driver. 
However, Gulian et al. (1989) found that the relative contributions of variables 
extrinsic to the driving environment and on-road variables to driver stress appeared to 
be somewhat sample-specific. 
 
1.4 Transactional Perspectives 
Thus far, three sources of demand have been discussed – work demands, life events 
and hassles, and driving demands – which may be separately identified as influences 
on driver safety. Each domain of stress research may be understood in relation to the 
transactional model of stress and emotion (Lazarus, 1999; Lazarus & Folkman, 1984). 
Stress is viewed as an ongoing transaction between the person and environmental 
demands. External stressors have an indirect impact on stress outcomes or ‘strains’. 
What may be stressful to one person may be interpreted as quite acceptable by 
another. Several types of factor that potentially moderate the impact of external 
demands have been described (Beehr, 2000). These include stable personality 
characteristics (e.g. locus of control, trait anxiety), situational appraisals (e.g., 
perceived level of control over specific task), and situational coping (e.g., active 
attempts to increase control). For example, in the on-road environment traffic 
congestion may be more stressful if: 1) the driver is generally prone to becoming 
frustrated (personality), 2) congestion is perceived as threatening to the driver’s 
current goal of arriving at work for an important meeting (situational appraisal), and 
3) the driver reacts to the situation by expressing hostility towards other drivers 
(ineffective coping). Machin and Hoare (2008) have confirmed that stress outcomes in 
bus drivers are substantially influenced by the driver’s means of coping with the 
demands of the job. 
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The transactional model typically emphasizes the importance of situational factors, so 
that appraisals of different sources of demand may be quite different (Lazarus & 
Folkman, 1984). Personality factors too may be linked to specific contexts; typically, 
personality traits explicitly linked to vehicle driving are more predictive of driver 
safety outcomes than general personality factors such as the Five Factor model 
(Matthews, 2002). Emphasis on the situational nature of stress might suggest that 
work and driver stress might not be greatly related in populations other than 
professional drivers. However, Lazarus and Folkman (1984, pp. 293) also state that 
“… the transactional model views the person and the environment in a dynamic, 
mutually reciprocal, bidirectional relationship”. The dynamic nature of stress may 
lead to interplay between the stress processes of different domains of life. In 
particular, cognitive and emotional processes may lead to difficulties experienced in 
one domain transferring to another. For example, a person may continue to worry 
about work or life problems during vehicle driving, as evidenced by the link between 
life events and increased crash risk (Legree et al., 2003). In addition, emotional 
responses to work events may bias cognitive processing of driving events. The mood-
congruence principle (Bower, 1981) suggests that a negative mood derived from the 
workplace may bias the driver’s attention towards focusing attention on negative 
aspects of the drive. Similarly, frequent unpleasant driving experiences, such as a 
difficult daily commute, may influence stress in the workplace and at home 
(Gottholmseder et al., 2009). 
 
These considerations suggest a more holistic view of driver stress. Rather than being a 
compartmentalized response to driving alone, the stress response may in part be 
shaped by the driver’s cognitive and affective reactions to work and other life 
stressors. In this case, driver safety may be influenced by work and life stressors, as 
indicated by the empirical studies reviewed previously. 
 
1.5 Research Aims & Hypotheses 
The main aim of the current study was to examine the associations between multiple 
stress factors and indices of unsafe driving acts (errors, lapses, and driving violations). 
The Driver Behaviour Questionnaire (DBQ; Reason, Manstead, Stradling, Baxter, & 
Campbell, 1990) was used as the principal criterion measure for unsafe acts, as it has 
been widely used in previous research on individual differences in driver behaviour 
(e.g., Westerman & Haigney, 2000; Wickens et al., 2008). Stress factors were divided 
into those that were extraneous to driving (work-related stress, daily hassles, general 
mental health) and those that were driving-related (stress vulnerability dimensions). 
We aimed both to investigate bivariate relationships between predictors (stress 
factors) and criteria (unsafe acts), and to test multivariate models of the impact of 
predictors on unsafe acts. It was also hypothesized that, as suggested by Gulian et al. 
(1989), the general and work-related stress indices would correlate with driver stress 
vulnerability. It was further hypothesized that the indices of unsafe acts would 
correlate with measures of both ‘extraneous’ stress (e.g., Carty et al., 1998; Legree et 
al., 2003 ) and driver stress vulnerability (Matthews et al., 1997; Westerman & 
Haigney, 2000). These relationships were tested using bivariate correlations.  
 
Multivariate models were also used to explore the respective contributions of 
extraneous and driving-related stress factors to loss of safety. The first step in model 
building was to model the inter-relationships of the predictor variables (the different 
stress factors) using confirmatory factor analysis (CFA) and structural equation 
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modelling (SEM). The fit of models was compared assuming a single general stress 
factor, separate extraneous and driving-related factors, and a three-factor model 
within which driver stress was partitioned into factors relating to negative affect and 
to risk-taking. In fact, this exercise supported a three-factor model. We then tested 
whether the three factors had independent effects on each of the criterion variables 
(unsafe acts), and whether the three-factor model fully explained the impacts of the 
stress factors on unsafe acts. The expectation was that extraneous and driving-related 
factors would independently predict unsafe acts. 
 
2. Method 
 
2.1 Participants 
A total of 247 employees from five departments of the Queensland state government 
in Australia completed and returned a mail-out questionnaire (28.6% response rate). 
Participation was voluntary and anonymous. The sample was obtained through Q-
Fleet, the administrators of all Queensland Government vehicles. Hence, all 
participants were working and required to be of a minimum driving age (17 years) for 
control of Queensland government vehicles. The age of respondents ranged from 22 
years to 69 years (M = 45.7 years), with the majority being male (77.7%). 
 
2.2 Materials 
The purpose designed Stress and Driving Questionnaire containing 175 items was 
developed incorporating demographic variables and items from five existing self-
report measures. These included: the Job-Related Tension scale (JRTS; Kahn, Wolfe, 
Quinn, and Snoek, 1964); the Driver Stress Inventory (DSI; Matthews, Desmond, 
Joyner, Carcary, & Gilliland, 1997); a modified 54 item version of the Daily Stress 
Inventory1 (Brantley, Waggoner, Jones, & Rappaport, 1985); a 24 item version of the 
Driver Behaviour Questionnaire (DBQ; Reason et al., 1990); and the General Health 
Questionnaire – 12 (GHQ-12; Goldberg & Blackwell, 1970). The abbreviated version 
of the GHQ (i.e. 12 items) was chosen in lieu of the GHQ-28 to minimise the length 
of the overall questionnaire where possible as it has been shown to have equivalent 
validity (Goldberg et al., 1997).  
 
2.3 Design and Procedure 
A correlational, cross-sectional survey design was used to examine the association 
between the predictor variables (stress factors) and outcomes measures (unsafe acts). 
A list of mailing addresses for potential participants was generated by Q-Fleet and 
questionnaires then posted. To ensure the anonymity of individual participants, no 
personal identifiers were recorded on the survey forms. Participants were directed to 
return their questionnaire directly to the research team within the reply-paid envelope 
provided to minimise the potential of them being identified by employers and, hence, 
minimising associated demand characteristics. All potential participants were sent a 
reminder email by Q-Fleet in an endeavour to enhance the response rate. 
                                                 
1For this study four items were omitted from the original 58-item Daily Stress Inventory because they 
related specifically to work or driving-related stressors and were considered to overlap with other 
measures. The excluded items were “thought about unfinished work”, “had car trouble”, “had difficulty 
in traffic”, and “was late for work/appointment”. The instructions were also modified to advise 
participants that responses to this measure should not be interpreted in relation to driving or work 
related incidents. 
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3. Results 
 
3.1 Descriptive Statistics  
Table 1 provides descriptive statistics for key variables/scales. On average 
participants spent more time driving work vehicles (M = 11.28 hours per week) than 
personal vehicles (M = 6.17 hours per week). Participants reported relatively high 
levels of aberrant driver behaviours in comparison to previous research, as indicated 
by elevated mean DBQ subscale scores. Overall, work-related stress for the sample 
was high compared to previous research using the JRTS. Scores on the Daily Hassles 
Inventory were relatively low in the current sample compared to previous research 
after adjusting for the modified items. Distributions of scores on the DSI were broadly 
similar to those obtained by Matthews et al. (1997) from an occupational sample in 
the UK. However, some moderate differences were apparent (means differ by 0.25 - 
.50 SD). The current sample were higher in hazard monitoring, but lower in 
aggression, dislike of driving and fatigue proneness. Table 1 also includes Cronbach 
alpha values; most scales were found to have acceptable reliability (>.70) with the 
exception of DBQ lapses, DBQ violations, and DSI hazard monitoring, which were 
marginal. The percentage of drivers that had crashed in the last three years was 
36.96% whilst the percentage who reported being charged with traffic related offences 
during the last three years was 39.17%.  
 
INSERT TABLE 1 
 
3.2 Bivariate analyses 
Table 2 shows the correlations between key variables used in the study. The 
correlations confirm the initial hypotheses regarding relationships between the three 
sets of variables: unsafe driving behaviours, ‘extraneous’ stress factors and driver 
stress. Daily hassles and GHQ scores correlated significantly with all three DBQ 
scales, whereas occupational stress showed smaller positive correlations with the 
DBQ, significant for errors and violations. The driver stress scales were also 
associated with scores on the DBQ.  DSI dislike of driving and fatigue were the scales 
most highly correlated with errors and lapses, and aggression and thrill-seeking were 
most highly correlated with violations. In addition, the two sets of stress factors (DSI 
and extraneous) were inter-related. All three extraneous stress factors were positively 
associated with dislike of driving and aggression, and the hassles and GHQ scales 
were also significantly correlated with fatigue.  
 
Table 2 also shows correlates of demographic variables. Age, gender and driving 
exposure were unrelated to work-related or general stress. However, age was 
negatively related to all the DSI scales, except for hazard monitoring. Women tended 
to be higher in dislike of driving, fatigue proneness and aggression, but lower in 
hazard monitoring and thrill-seeking. The gender difference in aggression may be 
compared with  findings in UK and US samples (no gender difference: Matthews et 
al., 1997) and a Japanese sample (males higher: Matthews et al., 1999). Age and 
gender differences were also found in the DBQ criterion variables. Older drivers 
reported being less prone to errors and violations, whereas female drivers obtained 
higher scores on lapses. Because these demographic differences might confound the 
subsequent multivariate analyses, partial correlations were also computed between the 
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various stress factors and the DBQ scales, controlling for age and gender. The 
magnitudes and significance levels of these partials were very similar to those of the 
correlations shown in Table 2, suggesting that associations between stress and unsafe 
driving acts are not simply a function of confounding effects of demographic 
variables. 
 
INSERT TABLE 2 
 
 
3.3 Multivariate modelling 
Structural equation modelling was used to test hypotheses concerning: 1) latent 
factors for stress, and 2) relationships between stress and unsafe driving behaviours. 
The first set of analyses used CFA to test alternative models for latent stress factors. 
The measured variables included were the extraneous stress scales (JRTS, hassles, 
GHQ-12) and the five DSI driver stress scales. One-, two- and three-factor models 
were fitted. The one-factor model assigned all eight predictor variables to a single 
latent factor. In the two-factor model, the extraneous stress scales defined the first 
factor and the five DSI scales in the second factor. In the three-factor model, the 
extraneous stress scales again defined the first factor, but the DSI scales were 
allocated to two additional factors. One driver stress factor was defined by scales to 
which negative affect is central (dislike of driving, fatigue), and the other by scales for 
which risk management is focal (aggression, thrill-seeking, hazard monitoring).  
 
Models were fitted using maximum likelihood estimation with the EQS 6.1 statistical 
package (Bentler, 2007). Factors were permitted to correlate in the multi-factor 
models. Table 3 gives goodness of fit statistics for all three models. The χ2 provides an 
absolute test of model fit, whereas the remaining indices indicate a degree of 
approximation to exact fit. Weston and Gore (2006) recommend that the comparative 
fit index (CFI) should exceed 0.95, and the root mean-square error of approximation 
(RMSEA) should be less than 0.06. Fit statistics were acceptable only for the three-
factor model, which also had a nonsignificant χ2. We also tested a model in which 
correlations between the two driver stress factors and the extraneous stress factor were 
constrained to be zero. Fit for this model was poorer than for the initial three-factor 
model in which all factors correlated (range of rs: .461 - .548). Because the two 
versions of the three-factor model are nested, the significance of the change in fit can 
be tested using the change in χ2 values for the two models. The change was significant 
(Δχ2 (2) = 44.8, p<.01). These analyses confirm that factors for driver stress are 
correlated with extraneous stress factors, which were represented as a single factor. 
 
INSERT TABLE 3 
 
The three-factor model was used as the basis for SEMs for the prediction of unsafe 
driver behaviour. To keep the models reasonably simple and tractable, separate 
models were tested for each of the three DBQ criteria. In addition, because the 
intercorrelations of the stress variables and DBQ were not substantially affected by 
demographic variables (as discussed above), we did not include these variables in the 
models. The general approach was as follows (see Figure 1). First, we tested models 
in which there were paths only from the three latent stress factors to the DBQ variable 
(Model 1). Next, we tested whether selected extraneous stress variables had additional 
effects on unsafe acts, over and above those associated with the general extraneous 
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stress factor. The bivariate correlations suggested substantial correlations between the 
DBQ and both the GHQ and hassles variables. Model 2a added an additional path 
from GHQ to the DBQ variable of interest, and Model 2b added an additional path 
from hassles to the DBQ variable.  
 
INSERT FIGURE 1 
 
INSERT TABLE 4 
 
Table 4 gives the goodness of fit statistics. For all three DBQ criteria, Model 1 
provided fits that exceed or come close to conventional values (Weston & Gore, 
2006). Indeed, the χ2 value for the model for errors was nonsignificant, and adding the 
additional paths of Models 2a and 2b did not improve fit appreciably. By contrast, the 
models for errors and violations were improved by adding a path from hassles to the 
DBQ variable (Model 2b). In both cases, the χ2 for Model 2b was non-significant. 
For Model 2b, Δχ2 values relative to Model 1 were significant at p<.05 for both lapses 
(Δ χ2(1) = 8.6, p<.01) and violations (Δ χ2(1) = 4.2, p<.05). Thus, adding a direct path 
from hassles to the DBQ variable improves fit modestly but significantly. Adding an 
extra path from GHQ score to the DBQ variable did not improve fit in any case 
(Model 2a). 
 
 
The final step in modelling was to fit a final set of models that eliminated 
nonsignificant paths, to provide the most economical account of the data. In each 
case, χ2 for the model remained non-significant. The R2 values for lapses, errors and 
violations were .297, .213, and .581 respectively. Examination of these models 
fulfilled the primary goal of the SEMs, to evaluate the respective contributions of 
driver stress and extraneous stress variables to the prediction of unsafe acts. For 
errors, there was only a single significant path from the stress factors to errors, a path 
from the DSI negative affect factor (standardized path coefficient = 0.46). The models 
for lapses and violations included multiple paths to the criterion, as shown in Figure 2 
and Figure 3 (note that these models are independently estimated, so that 
corresponding coefficients may differ slightly). Lapses were independently influenced 
by the DSI negative affect factor and hassles, whereas violations were positively 
affected by the DSI risk-taking factor and hassles, and negatively influenced by DSI 
negative affect. Violations were more strongly related to DSI risk-taking than to the 
other two variables. The models confirm that a single extraneous stress factor 
(hassles) has a modest but significant impact on unsafe driving behaviours over and 
above the influence of driver stress. 
 
INSERT FIGURE 2 
 
INSERT FIGURE 3 
 
 
4. Discussion 
The main aim of this study was to investigate the relative impact of various sources of 
stress on driving outcomes. Various stress factors were classified as predictors and 
unsafe driver behaviours as criteria. Initial hypotheses were supported by the bivariate 
correlations. It was found that both extraneous stress factors and the DSI driver stress 
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scales were associated with the three classes of unsafe act assessed by the DBQ. Both 
daily hassles and general mental health (GHQ) were significantly positively 
associated with errors, lapses and violations. Work-related stress was more weakly 
correlated with these criteria (all rs<.2). It was also found that age and gender related 
to both predictors and criteria, much as found in previous studies, but predictor-
criteria correlations remained similar when demographic factors were controlled. 
 
The multivariate analyses further elucidated associations between variables. The 
initial set of CFAs showed that both the ‘negative affect’ and ‘risk-taking’ factors 
derived from the DSI were substantially correlated with the extraneous stress factor. 
Further structural equation modelling showed that, as in previous studies (Matthews 
et al., 1997; Öz et al., 2010), driver stress is substantially related to unsafe driving 
acts. The DSI negative affect factor (dislike and fatigue) influenced both lapses and 
errors, whereas the risk-taking factor (aggression, thrill-seeking, low hazard 
monitoring) was the strongest influence on violations. The SEMs also confirmed that 
extraneous stress factors may influence lapses and violations independently. Notably, 
daily hassles were a stronger predictor than work-related stress and general mental 
health. 
 
The remainder of this discussion addresses further the two principal research 
questions. First, how does driver stress overlap with stress from other sources, 
including work-related stress and hassles? Second, how does driver stress compare 
with extraneous factors as a predictor of unsafe acts during driving? We also briefly 
summarize limitations of the study and its practical implications. 
 
4.1 Overlap of driver stress with extraneous stress factors 
The bivariate analysis confirmed the hypothesized positive associations between all 
three extraneous stress measures and several of the DSI scales, including aggression 
and dislike of driving. Work-related stress, hassles and general mental health 
symptoms tended to correlate in the 0.2 – 0.3 range with these DSI factors. These 
findings are consistent with previous studies showing that driver stress relates to 
various life event measures (e.g., Gulian et al., 1989; Hennessy et al., 2000). 
Extraneous stress factors related most strongly with the DSI dislike of driving and 
aggression scales, and to some degree with fatigue proneness. By contrast, hazard 
monitoring was associated with higher levels of psychological well-being (albeit the 
relationship was very weak). This is analogous to the concept of eustress rather than 
distress and, as such, the propensity to be more vigilant in regard to driving hazards 
may be considered on the basis of arousal in reaction to stressors.  
 
The CFAs helped to elucidate the relationships between the different stress factors. 
On the one hand, these analyses affirm the separability of extraneous and driving-
related stress factors, as a single-factor model showed a poor fit to the data. On the 
other hand, good fit could not be obtained without allowing the extraneous and 
driving stress factors to correlate, confirming the inter-relationship of these constructs. 
The CFAs also show that, while each of the five DSI factors has been previously 
validated as a unique construct (Matthews, 2002), they appear to have a higher-order 
structure that separates a factor related to negative emotion and fatigue from a factor 
for risk-taking (aggression, thrill-seeking, low hazard monitoring).  
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Caution is needed in explaining correlations between factors. As previously discussed, 
the transactional model of stress provides a rationale for stress in one domain of life 
‘spilling over’ into other domains (Lazarus, 1999; Serido, Almeida & Wethington, 
2004). Driver stress may be reciprocally related to stress in other domains, including 
work and domestic life. The limitations of the cross-sectional design of this study 
preclude further theorizing, but further research might examine the dynamic interplay 
between driving and life stress more closely. Overall, the results suggest the need for 
a more holistic view of driver stress: the act of driving a motor vehicle is somewhat 
dependent upon a balance of the many demands of life in general. 
 
4.2 Stress and unsafe driving acts 
We also confirmed the hypothesized associations between stress factors and the 
various classes of unsafe driving acts assessed by the DBQ. As in a previous study 
(Matthews et al., 1997) the DSI subscales were differentially related to DBQ 
subscales. Dislike of driving and fatigue proneness were significant predictors of 
errors and lapses, consistent with models of driver error that focus on attentional 
failures (Matthews, 2001; Wickens et al, 2008). The DSI aggression and thrill-seeking 
subscales were significant predictors of violations in the DBQ, consistent with the 
relationship between these subscales and self-reported violations found in previous 
research (Matthews et al., 1997; Westerman & Haigney, 2000). The finding supports 
the notion that stress-induced aggression increases risk-taking behaviour, consistent 
with Shinar’s (1998) concept of frustration-aggression in the driving context whereby 
events that evoke frustration can be viewed as situational stressors. A heightened 
concern for danger (hazard-monitoring) appears to encourage a more responsible 
attitude towards driving (fewer violations). 
 
In addition, the correlational data confirmed the hypothesis that extraneous stress 
factors would relate to the DSI subscales. All three ‘extraneous’ scales tended to be 
positively correlated with errors, lapses and violations. Correlation magnitudes were 
highest for hassles, intermediate for the GHQ-12, and lowest for work-related stress. 
These findings for hassles are consistent with previous research that has found that 
stress from life events negatively influences driving outcomes (Lagarde et al., 2004; 
Legree et al., 2003; McMurray, 1970; Norris et al., 2000). Indeed, the stressed 
individual may be predisposed to drive in an unsafe manner as soon as they take 
control of a vehicle so that exposure to an on-road stressor is not necessarily required 
to initiate stress-related responses when driving. The associations between work-
related stress and errors and violations (but not lapses) are consistent with previous 
studies that linked work-related stress to adverse driving outcomes (Carty et al., 1998; 
Hartley & El Hassani, 1994). However, the correlation magnitudes were small (<.20) 
so that the hypothesis is rather weakly confirmed. The JRTS was only designed to 
assess role conflict and ambiguity and may not have captured all possible dimensions 
of occupational stress (e.g. time urgency). 
 
The SEMs provided further elucidation of how the different stress factors may 
influence unsafe driving. As might be expected, the strongest paths in each model 
represented the influence of the two latent DSI factors. Negative affect (dislike of 
driving, fatigue) affected both errors and lapses, consistent with the hypothesis that 
negative emotions during driving are accompanied by cognitive interference that 
disrupts attention to the traffic environment (Matthews, 2001). Although the bivariate 
analyses suggested small positive associations between dislike and fatigue and 
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violations, the more powerful multivariate analyses suggested a negative association 
between negative affect and violations. This result is consistent with data showing 
that drivers high in dislike may drive more slowly and pass less frequently on the 
simulator (Matthews et al., 1998), and receive fewer speeding citations (Matthews et 
al., 2001). Anxiety about driving may have a protective effect in encouraging more 
cautious driving behaviours. The strong effect of the DSI risk-taking factor on 
violations in the SEM is consistent with the bivariate analyses and with previous 
findings (e.g., Matthews et al., 1997), as previously discussed. 
 
The SEMs suggest a rather subtle influence of extraneous stress factors on driver 
safety. None of the final SEMs included a path from the latent extraneous stress factor 
to the DBQ criterion, so that collective general life stress did not have any direct 
effect on unsafe acts. The models are consistent with an indirect effect, such that 
general life stress influences driver stress which in turn influences safety, although, as 
already discussed, we did not attempt to model causal relationships between 
extraneous and driving-related stress factors. In addition, two of the models – for 
lapses and violations – required a direct path from hassles to the DBQ criterion for 
optimal fit. That is, hassles may be more dangerous than general work-related or life 
stress. Serido et al. (2004) point out that hassles are often found to be more strongly 
related to health outcomes than are major recent life events or chronic stressors. They 
suggest that a distinctive feature of hassles is that they relate to actual events, which 
often require some action, as opposed to the ongoing potential threat of chronic 
stressors. The action requirement of many hassles may make them especially 
distracting, as when, for example, the driver reflects on how to solve a minor life 
problem while driving. Also, as Hennessy et al. (2000) suggest, hassles may make the 
driver especially vulnerable to frustration in congested traffic environments, perhaps 
leading to increased violations. 
 
4.3 Limitations 
There were several limitations to this study due to pragmatic constraints. The overall 
response rate of 28.6% leaves question in regard to the representativeness of the 
sample. That is, it remains unknown if participants who returned questionnaires differ 
in any relevant way to non-responders as the study was anonymous in nature. 
Additionally, generalisation of the results must be considered in the context of the 
final sample as it was comprised predominantly of male government employees. The 
majority of the sample (90%) drove less than 20 hours per week for work purposes, 
and so it is unclear how well results would generalise to groups such as full-time truck 
drivers. There are also inherent limitations of self-report data in terms of honest, 
accurate, and bias-free reporting that should also be considered, although the 
anonymous nature of the questionnaire should have assisted in controlling these in 
some regard (Lajunen & Summala, 2003).  
 
As previously noted, the cross-sectional design limits the causal implications of the 
data. An allied issue is that the design does not afford good control over the timespan 
over which the various predictors and criteria were assessed, which is important for 
understanding the dynamic processes described by the transactional model of stress. 
For example, an effect of hassles on driver behaviour could be attributed either to the 
short-term impact of some recent specific event, or to the cumulative effect of having 
to cope with frequent or recurring events. This limitation can be in part countered by 
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investigations of the interplay between stress and driver behaviour during specific 
drives (e.g., Desmond & Matthews, 2009). 
 
4.4 Conclusions and Practical Implications  
Road safety is influenced by many human factors including the effect of stress upon 
the individual. The current project endeavoured to quantify these effects in terms of 
the relative impact of various stress sources and provide a conceptual model to guide 
future research in this area. To this end, the findings confirm the multidimensional 
nature of stress in the context of driving a motor vehicle. Of particular note is the 
impact that factors extraneous to the driving environment may have on driving 
behaviour, highlighting the need for a holistic approach when considering road safety 
and associated interventions.  
 
Effective management of the problem of stress requires further research and 
development of appropriate interventions. Broadly, the transactional model suggests 
that interventions may usefully be directed towards environmental factors such as 
traffic congestion, towards mitigating stress responses (e.g., through work-related 
stress management programs), or towards enhancing the driver’s ability to cope with 
episodic pressures and challenges (Matthews, Emo & Funke, 2005). Interventions 
may be developed to increase driver awareness of the dangers of excessive emotional 
responses to both driving events and daily hassles (e.g., driving fast to ‘blow off 
steam’ after an argument). They may also train more effective strategies for self-
regulation of emotion and coping when encountering stressful situations on the road. 
For example, in work on bus drivers, Machin (2003) has developed a technique for 
training recognition of effective responses to actual job-related situations. Even if 
work-related stress has a primarily indirect rather than direct effect on unsafe 
behaviour, workplace interventions may still be valuable (Mankazana & Dorn, 2003). 
Machin (2005) found that organizational safety climate was linked both to safe 
driving behaviours and to reduced job stress. Finally, interventions that identify and 
target ‘at-risk’ populations for stress should be encouraged. In this case, methods may 
be adapted from cognitive-behavioural therapies that restructure the driver’s core self-
beliefs that confer vulnerability to both stress and potentially dangerous behaviours 
(Dorn, 2005). 
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Tables 
 
Table 1 
Mean Scores, Standard Deviations, and Reliability (Cronbach α) for Summary Scales 
and Demographics  
Variable M          SD Cronbach α 
Age 45.70 (9.91) - 
Hrs/wk work dr* 11.28 (9.33) - 
Hrs/wk pers dr** 6.17 (5.54) - 
DBQ errors 4.42 (3.00) .73 
DBQ lapses 6.49 (3.38) .64 
DBQ violations 4.76 (3.38) .68 
Occ stress  39.07 (8.71) .87 
Hassles  34.33  (32.95) .95 
GHQ-12 11.26 (4.63) .87 
DSI aggression 40.46 (13.82) .82 
DSI dislike 31.69 (13.04) .78 
DSI haz mon 70.82 (10.17) .60 
DSI fatigue  39.56 (15.75) .80 
DSI thrill-seek 22.94 (15.86) .78 
 
* denotes hours per week driving for work purposes 
 
** denotes hours per week driving for personal purposes 
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Table 2 
Pearson Correlations Between Variables   
 DBQ errors 
DBQ 
lapses 
DBQ 
violation Age Gen 
Hrs/wk 
work dr 
Hrs/wk 
pers dr 
Occ 
(JRTS) 
Daily 
hassle 
GHQ-
12 
DSI 
agg 
DSI 
dis 
DSI 
haz 
DSI 
fatig 
DBQ errors n/a              
DBQ lapses .53**              
DBQ violations .37** .29**             
Age -.20** -.06 -.26**            
Gen .01 .15* .03 -.25**           
Hrs/wk work dr .04 -.12 .01 .11 -.37**          
Hrs/wk 
pers dr 
-.15* -.12 -.03 -.01 .06 .20**         
Occ (JRTS) .14* .09 .15* .07 -.11 .10 .10        
Daily hassle .29** .37** .27** -.07 -.05 .04 -.01 .  28**       
GHQ-12 .26** .29** .19** -.09 .05 .03 .01 .42** .31**      
DSI agg .14* .18** .52** -.35** .15* -.04 .08 .25** .21** .32**     
DSI dis .36** .42** .12 -.21** .29** -.14* -.04 .22** .21** .34** .35**    
DSI haz -.10 -.08 -.25** .24** -.22** .21** .01 .04 .02 -.11 -.26** -.16*   
DSI fatig .31** .38** .24** -.25** .15* -.13 -.02 .12 .21** .24** .34** .48** -.14*  
DSI thrill  .02 .01 .34** -.21** -.12 .03 .08 .10 .12 .09 .28** .01 -.14* .15*
 
Note. * p < .05   ** p < .01   
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Table 3.   
Goodness of fit statistics for alternate confirmatory factor analyses of stress variables 
 
 
Factors df χ2 CFI RMSEA 
1 9 33.8** .876 .109 
2 19 46.8** .885 .079 
3 17 22.6 .977 .038 
31 19 67.4** .796 .105 
 
1 Driver stress factors constrained to be independent of extraneous stress factor 
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Table 4.  
Goodness of fit statistics for alternate structural equation models of the effects of stress variables on DBQ criteria 
 
 
 DBQ criterion 
 Lapses Errors Violations 
Model df χ2 CFI RMSEA χ2 CFI RMSEA χ2 CFI RMSEA 
1 22 37.5* .949 .055 28.3 .976 .036 35.3* .959 .051 
2a 21 37.4* .946 .058 28.3 .972 .039 34.4* .959 .053 
2b 21 28.9 .966 .045 26.3 .980 .033 31.1 .969 .046 
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Figure Captions 
 
Figure 1. Models tested using structural equation model. 
 
Figure 2. Final model for prediction of DBQ lapses (path coefficients are 
standardized). 
 
Figure 3. Final model for prediction of DBQ violations (path coefficients are 
standardized). 
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Figure 1 
Path added to models 2a or 2b 
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Figure 2 
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Figure 3 
 
  Life 
Stress 
Driver Stress (neg. 
affect) 
(
Driver Stress (risk)
( 
GHQ 
Occ. Stress 
Violations 
Fatigue 
Thrill-Seeking 
Hazard Mon. 
Hassles 
Dislike Aggression 
.52 
.63 
.52 
.76 
.62 
.76 
-.35 
.41 
.61 .48 
.58 
.13 
-.34 .87 
